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1571 ABSIXACT 

An oral composition such as a dentifrice, mouthwash, loz- 
enge or chewing gum containing a polyphosphate antical- 
Zulus agent, such as tetmlkali metal pyrophosphate and 
antibacterial antiplaque agent compatible therewith. The 
antiplaque agent is a substantially water-insoluble nonca- 
tionic antibacterial agent such as 2,4,4’-trichloro-2’- 
hydroxydiphenyl ether (‘lMclosan). Antiplaque effectiveness 
is optimized by the presence of an antibacterial-enhandng 
agent which enhances delivery of said a&bacterial agent to, 
and retention thereof on, oral surfaces. 

19 Claims, No Drawings 
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ANTlBACTERlALANTQ'UQuE, 
ANTICALCULUS ORAL COMPOSlTION 

The application is a Division of application Ser. No. 
07/966,104, filed Get. 23, 1992 now US. Pat No. 5,292, 
526, issued Mar 8,1994, which is a Division of application 
!k No. 07/657.885. filed Feb. 19, 1991. now U.S. Pat. No. 
~,180,578, issued Jan. 19,19X3, which is a Continuation of 
application Ser. No. 07/398,605, filed Aug. 25, 1989, now 
abandoned which is a continuation-in-part of application 
!Ser. No. 346,258, f&d May 1, 1989, now U.S. Pat. No. 
5,043,154, granted Aug. 27,1991, which is a Continuation 
of application SIX. No. 8901, tiled Jan. 30, 1987 now 
abandoned 

This invention relates to an antiiactesial antiplaque anti- 
calcuh~s oral composition. More particulsriy, it relates to an 
oral composition containing a polyphosphate auticalculus 
(that is, antitartar) agent and a compatible antii agent 
effective to inhibit plaque, wherein antiplaque effectiveness 
is optimized by the presence of an antibacterial-enhancing 
agent which enhances the delivery of said antibactuial agent 
to, and retention thereof on, oral surfaces. 

In U.S. Pat. Nos. 4.627977 to Gatfar et al, 4,515,772 to 
Parran et al; and 4323,551 to Parran, cral compositions are 
desuibed which include vahous poly@msphate compounds. 
In the patent to Galfar et al, a linear moleculsrly dehydrated 
polyphosphate salt is employed in conjunction with a f lu@ 
ride ion-providing source and a synthetic linear polymeric 
polycarboxylate to inhibit calculus formation. In copending 
U.S. patent application Ser. No. 169,915, filed Mar. 18, 
1988, anticalculus effectiveness is opkdxed with a reduced 
amount of the linear molecularly dehydrated polyphosphate 
salt in conjunction with the flutide ion-providing source 
and increased amount of the synthetic linear polymeric 
polycarboxylate. 

In the patents to Parran et al and to &ran, water soluble 
diakali metal pyrophosphate alone or mixed with tetraalkah 
metal pyrophosphate is employed. 

Oral compositions which inhibit calculus formation on 
dental surfaces are higbly desirable since caladus is one of 
the causative factors in periodontal conditions. Thus, its 
reduction promotes oral hygiene. 

Dental plaque is a precursor of calculus. Unlike calculus, 
however, plaque may form on any part of the tooth surface, 
particularly including at the gingival margin. Hence, besides 
being unsightly, it is implicated in the occurrence of gingi- 
vitis. 

Accordingly, it would be highly desirable to include 
antimicrobial agents which have been known to reduce 
plaque in oral compositions containing anticakulus agents. 
Indeed, this has been de&bed in U.S. Pat. No. 4022,550 
to Vinson et al, wherein a compound providing zinc ions as 
an anticalculus agent is admixed with an anti- agent 
effective to retard the growth of plaque bacteria. A wide 
variety of antibactuial agents are described with the zinc 
compounds including cationic materials such as guauides 
and quatcrnary ammonium compounds as well as non- 
cationic compounds such as halogenated salicylanilides and 
balogenated hydroxydiphcnyl etbcrs. 

Hithato, the cationic antibacterial materials such as 
chlohxidine, benxethonium chhide and cetyl pyridinium 
chloride have been the subject of greatest investigation as 
antibacterial antiplaque agents. However, in spite of their 
being used in conjunction with xinc anticakulus agent, they 
are not effective when used with anionic materials such as 
polyphosphate anticalculus agent. This ineffectiveness is 
considered to be quite surprising as polyphosphates are 

2 
chelating agents and the chelating effect has previously been 
known to increase the dicacy of cationic antibactuial 
agents. (see e.g. LMnfecZio~ sZeri lk@bn and P~servation, 
2nd Ed.. Black, 197’7, Page 915 and Inhibition and Destruc- 

5 tion of the hficmbial Ceil, Hugo, 1971, Page 215). Indeed, 
quaternary ammonium compound is present in the plaque 
control mouthwash containing pyrophosphate of U.S. Pat. 
No. 4323,551 to Pauan and his-biguanide antiplaque agent 
is’ suggested in the anticalculus pyrophosphate oral compo- 

IO sition of U.S. Pat. No. 4,5X5,772-Patran et aL 
In view of the surfxising incompattbitity of cationic 

antibac&al agents with polyphosphates present as antical- 
culus agents, it was quite unexpected that other antibacterial 
agents would be effective. 

15 It is an advantage of this invention that certain antiba~ 
t&al agents are effective in anticalculus oral compositions 
containing a linear molecularly dehydrated polyphosphate 
salt, a fluacideion-providing source and the aforementioned 
antibacterial-enhancing agent to inhibit plaque formation. 

20 It is a further advantage of tbis invention that a compo- 
sition is provided which is effective to reduce calculus 
formation and optimim plaque reduction. 

It is a further advantage of this invention that an 
antiplaque, anticalculus oral composition is provided which 

25 is effective to reduce the occurrence of giugivitis. 
Additional advantages of this invention wiU be apparent 

from consideration of the following specification. 
ln accordance with certain of its aspects this invention 

relates to an oral composition comprising in an orally 
30 acceptable vehicle, an etkctive anticalculus amount of 

mat&al comprising about O.l-3% by weight of at least one 
linear molecularly dehydratedpolyphosphate salt as antical- 
culus agent, an effective sntiplaque amount of a substantially 
water insoluble noncationic antibacterial agent and up to 

35 about 4% by weight of an antibactkaknhaucing agent 
which enhances tbe delivery of said antibacterial agent to, 
and retention thereof on, oral surfaces, the weight ratio of 
antibacterial-enhancing agent to polyphosphate ion ranging 
from about 1.6:1 to about 2.7:1, preferably about 1.7:1 to 

M  about 23:l and most preferably about 1.9~1 to about2:l For 
instance, when 2% tetrasodium pyrophosphate (TSPP) is 
employed (providing about 1.3% of pyrophosphate ion) with 
2.5% of the antibacterial-enhancing agent, a highly desirable 
weight ratio of about 1.9:1 is provided 

45 The aspects of invention desuibed below are also withiu 
this disclosure: 

An invention aspect is an oral composition comprising an 
orally acceptable vehicle, an antibactmial-enhancing agent 
as defined herein, and polyphosphate anticalculus agent, the 

50 said polyphosphate anticalculus agent being a mixture of 
potassium and sodium salts, the ratio of potassium to sodium 
in the said composition being in the range of up to less than 
3:1, e.g. from 0.37:l to l.Wl. 

A further invention aspect is au oral composition com- 
55: prising an orally acceptable vehicle, an antibacterial- 

enhancing agent (as defined herein), the antibacterial- 
enhancing agent being free from cr substan&lly free from 
watex soluble alkali metal or ammonium synthetic anionic 
linear polymeric polycarboxylate salt having a moleazlar 

60 weight of 1,000 to l ,OOO,OOO, audpolyphosphate auticaicu- 
lus agent. 

A further invention aspect is an oral composition com- 
prising an orally acceptable vehicle, a substautiahy water 
insoluble non-cationic antiiacterial agent, an antibactaial- 

6s enhancing agent (as defined herein), the antibacterial- 
enhancing agent being free from or substantially free from 
water soluble alkali metal or ammonium synthetic anionic 



3 
linear polymer polycarboxylate salt having a molecular 
weight of 1,000 to l,OOO,OOO and polyphosphate anticalcu- 
lus agent. 
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containing potassium and sodium salts a ions, the ratio of 
potassium to sodium in the said composition being in the 
range of from 0.37~1 to 1.04:1. 

A further invention aspect is an orally acceptable vehide, 
an antibactuial-enhancing agent (as detined herein) and 
polyphosphate anticalculus agent with the proviso that the 
composition is free from or substantially free from t&as+ 
dium pyrophosphatc ar a combination of tetrapotnssium 
pyrophosphate and teirasodium pyrophosphate in which the 
ratio of potassium to sodium pyrophosphate is 3:l or in 
excess of 3:l. 

10 

A fmthcr invention aspect is an oral composition com- 
prising an aally acceptable vehicle, an effective mount of a 
linear, molecularly dehydrated polyphosphate, a substan- 
tially water insoluble non-cationic an&act&al agent and an 
antibacttial-enhancing agent (as defined herein) wherein 
said polyphosphate is present in an amount wherchl the 
weight ratio of said antibactuial-enhancing agent to said 

A iiutbcr invention aspect is an oral composition com- 
pising an aally acceptable vehicle. a substantially water 
insoluble non-cationic antibacterial agent and polyphos- 
phate anticalculus agent. with the proviso that the compo- 
sitions free from or substantially free from tetrascdium 
pyrophosphate ar a combination of tetrapotassimu pyre 
phosphate and tetrnsodiumpyrophosphate in which the ratio 
of potassium to sodiumpyrophosphate is 3:l or in excess of 
39. 

15 

polyphosphate ion ranges from about 1:6 to about 2.7:1. 
Typical examples of autibacterial agents which are par- 

ticularly desirable from considerations of antiplaque 
effectiveness, safety and formulation are: 

2’,4,4’-trichioro-2-hydroxy-diphenyl ether (Tridosan) 
2,2’-dihydroxy-5,5’-dibrom&iphenyl ether 

20 
A furtha invention aspect is an oral composition com- 

prising an orally acceptable aqueous humectant dentifrice or 
toothpaste vehicle, a dentally acceptable polishing agent and 
au effective anticalculus amount of linear molecularly dehy- 
drated polyphosphatc, the said polyphosphatc anticalculus 
agent being a mixture of potassium and sodium salts, the 
ratio of potassium to sodium in the said composition being 
in the range of up to less than 3:l. 

25 

A tinther invention aspect is an oral composition com- 
prising an orally acceptable vehicle, a substamially water 
insoluble oon-cationic antibacterial agent, the said compo- 
sition containing potassium and sodium salts or ions, the 
ratio of potassium to sodium iu the said composition being 
in the range of up to less than 3:l e.g. from 0.37:1 to 1.04~1. 

Halogenated Salicylanilides 

4’.5dibromosalicylanihde 
3,4’,5-trichlorosalcylardlide 
3,4+5-trikomosaticylanilidc 
233’.5-ktratiaosalicylaniIide 
3,3,3’,5-tetrachlorosahcylanilide 
3,5-dibromo-Y-trikoromethyl salicylauilide 
5-n-octanoyl-3’-trifluoromethyl salicylanilide 
3,5-ditaomo4W.Uuaom&yl salicylanilide 
3.5-dibromo3’-trifhraro methyl salicylauilide (Flurophene) 

A further invention aspect is an oral composition com- 
prising an aally acceptable vehicle, a substantially water 
insoluble non-c&ionic antibacterial agent. an antibacterial- 
enhancing agent (as defined herein), the antibacterial 
enhancing agent being free from a substantially Ike from 
water sduble alkali metal a ammonium synthetic anionic 
linear polymeric polycarboxylate salt having a molecular 
weight of 1,000 to 1.000.000. 

Methyl-p-Hydroxybenzoic Ester 
Ethyl-p-Hydroxybenzoic Ester 
PropyL-pHydroxybenzoic Ester 
Butyl-p-Hydroxybenzoic Ester 

A further invention aspect is an oral composition com- 
prising an adly acceptable vehicle, a substantially water 
insoluble non-cationic antibacterial agent in an amcunt of 
from 0.25% to 0.35% andpolyphosphate anticaIculus agent 

3.4.4’~trichJorocarbanilide 
3-trifhtoromethyl-4.4’-dichlorocarbanilide 
3,3,4’-ttichlorocarbauilide 

A further invention aspect is an oral composition com- 
prising an orally acceptable vehicle, a substantially water 
insoluble non-c&ionic antibacterial agent in an amount of 
from 0.25% to 0.35% and polyphosphate anticalculus agent. 
the said polyphosphate anticalculus agent being a mixture of 
potassium and sodium salts, the ratio of potassium in the 
said composition being in the range of up to less than 3:1, 
e.g. from 037:l to l.DQ:l. 

Phenolic Compounds (including phenol and its homologs, 
mono- and poly-alkyl and aromatic halo (e.g. F. Cl, Br, 
L)-phenols, resorcinol and catechol and their derivatives and 
bisphenolic compounds). Such phenolic compounds 
include, inter alia: 

A further invention aspect is an oral composition com- 
prising an aally acceptable vehicle, a substantially water 
insoluble non-cationic antibacterial agent in an amount of 
from 0.25% to 0.35% and polyphosphate anticalculus agent, 
with the proviso that the composition is free from cz 
substantiatly free from tetrasodiumpolyphosphate or a com- 
bination of tetrapotassium pyrophosphate and tetrasodium 
pyrophosphate in which the ratio of potassium to sodium 
pyrophosphate is 39 or in excess of 3.1. 

A linther invention aspect is an oral composition com- 
prising an aally acceptable vehicle. a substantially water 
insoluble non-c&ionic antibacterial agent, and antibacterial- 
enhancing agent (as defied herein). the said composition 
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Phenol and Its Homologs 
Phenol 
2 Methyl-Phenol 
3 Methyl-Phenol 
4 Methyl-Phenol 
4 Ethyl-Phenol 
2.4Dimethyl-Phenol 
ZJ-Dimethyl-Phenol 
3,‘l-Dimethyl-PheIlol 
2.6-Dimethyl-Phenol 
4-n Pmpyl-Phenol 
4-n-ButyI-Phenol 
4-n-Amy&Phenol 
4-terLknyl--Phenol 
4-n-Hexyl-Phenol 
4-n-Heptyl-Phenol 
2-MethoxyA-(2-Propenyl)-Phenol (Eugenol) 
2-Isopropyl-5Methyl-Phenol (Ihymol) 

4 

Halogeuated Diphenyl Ethers 

Beuzoic Esters 

Halogeuated Csrbanilides 



5 
Mono- and Poly-Alkyl and Aralkyl Halopbenols 

Metbyl-pCblorophenol 
Htbyl-p-Cblorphenol 
~-~+xihOphO~0i 
n-Butvl-o-Cblccc&.nol 

5,686,064 
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tk4myl+Xorophcnol 
seoAmyl-p-ChLcrophenol 
n-HcxYl-pchlonol 

n-0Gyi-pkhlcropbenol 
O-CblOrOphCllOl 

Metbyl-o-chorophenol 
Etbyl-o-Chlorophenol 
n-Propyl-o-Cblorophenol 
n-Butyl-oCblcropheno1 
n-Amyl~Cblorophenol 
tert-Amyl-rXltloropbcnol 
n-Hexyl-ochl~ophenol 
n-Heptyl-o-Chloropenol 
pCblorophenol 
o-Benxyl-p-Cbloropbenol 
o-Bcnxyl-m-methyl--p-Chlorophenol 
o-Benxyl-m, m-dimethyl-p-Chloropbenol 
cFPbenylethyLp-Cblorophenol 
o-Pbenylethyknmethyl-p-C!bloropbethyI-pChlorophenol 
3-Metbyl-pCbloropbenol 
3J-Dimethyl-pCblcnopben01 
6-Ethyl-3-metbyl-pCblorophehlorophcnol 
6n-Propyl-3-metbyl-pCbloropbenol 
&isopropyl-3-methyl-pQllarophenol 
2-Ethyl-3,5-dbnethyl-p-Chlorophenol 

c 

6-set Butyl-3-metbyl-p-Cblorophenol 
2-isoPropyl-3,5-dimethyl-p-Chlorophenol 
6-Dietbybnetbyl-3-methyleorophenol 
6-is&ropyl-2-ethyl-3-methy&p-Cbloropbenol 
Zsec Amy&3.5dbnethyl-p-Cblorcphenol 
2-Diethylmetbyl-3,5-dlmetbyl~-Chloropbenol 
6set Octyl-3-methyl-p-Cbloropbenol 
pBromopbeno1 
MetbyL-pBromopbcnol 
HtbyL-pBromopbenol 
n-Propyl-p-Bromophenol 
n-Butyl-p-Bromophenol 
n-Amyl-p-Bromopbenol 
see-Amyl-pBromopbenol 
n-Hexyl-pBromopbenol 
cyclohexyl-p-Bromopbenol 
o-Bromopbenol 
tc&Amyl~Bromophenol 
n-Hexyl-o-Bromophenol 
n-Propyl-m,m-Dimetbyl-o-Bromopbenol 
2-Pbenyl phenol 
CC!bloro2-methyl phenol 
4-chloro-3-methyl phenol 
Ccblor~3,5dimethyl phenol 
2,4-dicbl~o-3,5-dbnethyl phenol 
3,4,5,6telmbromo-2-metbylpbenol 
5-metbyL2pentyIpbenol 
4-isopropyl-3-methylphenol 
5-cbloro-2-bydroxydiphenyl metbane 

Resorcinol and Its Derivatives 
Rescrclnol 
Metbyl-Resorcinol 
Etbvl-Resorcinol c II-P;opyl-Resorcinol 
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n-Butyl-Resorcinol 
n-Amyl-Resorciwl 
n-Hexyl-Resorcinol 
n-Heptyl-Resorclnol 
n-Octyl-Resominol 
n-Nonyl-Rcsorcinol 
Pbenyl-Resorcinol 
Benxyl-Resorcinol 
Pbenyletbyl-Resorcinal 
Pbenylpropyl-Resorcinol 
p-Cblorobenxyl-Rescrcinol 
5Cblor~2,4Dlbydroxydipbenyl Metbane 
4’-Chloro -2&Dihydroxydipbenyl Metbane 
5-Bromo-2&Dlbydroxydipbenyl Methane 
4’-Brmno-2pDihydro@lphenyl Methane 

Bisphenollc Compounds 

Bispbenol A 
2$-methylene tis (4chlorcpbenol) 
2,2’-methylene bis (3,4,6-tricbloropbenol) 

(hexachlcrophene) 
2,2’-methylene his (4-cbloro-Gromophenol) 
bis (2-hydroxy-3,5-dlchlorophenyl) sulfide 
bis (2-hydroxy-kblorohenxyl) sultidt . 

The antibacterial agent is present in the oral composition 
in an effective antiplaque armrunS typically about 0.01~5% 
by weight, preferably about 0.03-l% and most preferably 
about 0.25-0.58. The antibacterial agent is substantially 
water-insoluble, meaning that its sohbility is less than about 
1% by weight in water at 25” C. and may be even less than 
about 0.1%. If an ion&able group is present solubility is 
determined at a pH at wbicb ionlration does not occur. 

The preferred baiogenatcd dlphenyl ether is ‘IYlclosan. 
The preferred pbenolic compounds are phenol, 
2,Zmetbylene his (kbloro-6tuomophenol), tbymol and 
eugenol. The most preferred antibacterial antiplaque com- 
pound is Trlclosan Trlclosan is disclosed in aforementioned 
U.S. Pat. No. 4,022,880 as an antibacterial agent in combi- 
nation with an anticalculus agent which provides zinc ions 
and in German Patent Disclosure 35 32 860 ln combination 
with a copper compound. It is also disclosed as an a&plaque 
agent in a dentltiice formulated to contain a lamebar liquid 
crystal surfactant phase having a lamellar spacing of less 
than 6.0 mn and which may optionally contain a zinc salt in 
published Ruropean Patent Application 0161898 of Lane et 
al and in a dentifrice containing zinc &rate trihydrate in 
published European Patent Application 0161899 to Saxton. 

Tbe linear molecularly dehydrated polypbospbate salts 
operative herein as anticalculus agents are well known, 
being generally employed in tbe form of their wholly or 
partially neutralixcd water soluble alkali metal (e.g. potas- 
sium and preferable sodium) or ammonlnm salts, and any 
mixtures thereof. Reprezruative examples inclu& sodium 
hexametapbospbate, sodium trlpolypbosphate, disodium 
diacid, trisodium monoacid and tetrasodium 
ptippbospbates, tbe corresponding potassium salts and the 

Particularly desirable antlcalculus agents are tenaalkah 
metal pyrophospbatcs, iacluding rtktures tbcreof, such as 
tetrasodium pyrophosphate, tetrapotassium pyropbosphate 
and mixtures thereof. An anticalculus agent comprising 
about 2% by weight of the oral compositions of tetrasodium 
pyrophospbate is especially effective. 

The antibact&al-enhancing agent (AHA) which enhances 
delivery of said antibacterial agent to, and retention thereof 
on, oral surfaces, is employed in amounts effective to 



5,686,064 
7 

achieve such enhancement within the range in the aal 
composition of about 0.05% to about 456, preferably about 
0.1% to about 396, more preferably about 0.5% to about 
2.5% by weight. 

AEApoQmeric materials of the present invenlion include 
those which can be characterized as having utility as den- 
t&ice dhesivcs or fixatives cc dental cements. For example, 
U.S. Pat. Nos. 4,521,55 1 and 4373,036, each to Chang et al, 
&scribe commcrcdly available copolymer of metbyltiyl 
ether-maleic anhydride (Ganttez) as a denture fixative. 
However. them has not been recognition in the prior art that 
adhesives, fixatives or cements when applied in water- 
soluble or water-swellable form together with substantially 
wata-insoluble non-cationic antibacterial antiplaque agents 
could enhance the antibacterial activity of such agents. 
Further, in U.S. Pat. No. 4,485,090 to Chang, Gantrez AN 
copolymer is mentioned among polymeric anionic 
membrane-forming materials which attach to a tooth surface 
to form a hydrophobic bank which reduces elution of a 
previously applied therapeutic caries prophyla& fluoride 
cmnpot~nd. Again. there is no recognition that such poly- 
maic material could enhance the antibacterial activity of 
substantially water-insoluble non-&ionic antibacterial anti- 
plaque agents. 

This AHA may be a simple compound, preferably a 
polymerizable monomer, more preferably a polymer, which 
latter term is entirely generic, including for example 
oligomers, homcpolymers, copolymus of two or more 
monomers, ionomers. block copolymers, graft cq~olymers, 
cross-linked polymers and copolymers. and the like. The 
AEL4 may be natural cr synthetic, and water insoluble or 
prcferably water (saliva) soluble or swellable (hydratable, 
hydrogel forming). It has an (weight) average molecular 
weight of about 100 to about 1,000.000, prcfezably about 
1,000 to about l,OOO,OOO. more preferably about 2,000 or 
2.500 to about 250,000 or 500,000. 

The ABA cxdinarily contains at least one delivery- 
cnhandng group. which is preferably acidic such as 
sulfonic. phosphinic. or more preferably phosphonic cr 
carboxylic, ar salt thereof. e.g. alkali metal or ammonla, and 
at least one organic retention-enhancing group, preferably a 
plurality of both the delivery-enhancing and retendon- 
enhancing groups, which latter groups preferably have the 
formula +X),.-R wherein X is 0. N, S, SO, SO,, P, PO 
or Si or the like, R is hydrophobic alkyl, alknyl, acyl, a@, 
akuyl, aralkyl, heterocyck or their inert-substituted 
derivatives. and n is zero cr 1 cx more. The afcresaid 
“inert-substituted derivatives”. are intended to include sub. 
stituents on R which are generally non-hydrophilic and do 
not significantly interfere with the desired functions of the 
AEA as enbandng the delivcq of the antibacterial agent to, 
and retention thereof on, oral surfaces such as halo, e.g. Cl, 
Br, I. and carbo and the like. Illustrations of such retention- 
enhancing groups are tabulated below. 

n x -ma 
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-continued 

As employed herein, the delivery-enhancing group refers 
to one whicit attaches or substantively, adhesively, cobs 
sively or othawise bonds the AEA (carrying the antibacte- 
rial agent) to oral (e.g. tooth and gum) surfaces, thereby 
“delivaing” the antibacterial agent to such surfaces. The 
organic rdention-enhancing group, generally hydrophobic, 
attaches or otherwise bonds the antibacterial agent to the 
ABA, thaeby promoting retention of the antibacterial agent 
to the AFM and indirectly on the oral surfaces. In some 
instances, attachment of the antlbacterlal agent occurs 
through physical entrapment thereof by them especially 
when the AEL4 is a cross-linked polymer, the structure of 
which inherently provides increased sites for such entrap- 
ment. The presence of a higher molecular weight, more 
hydrophobic cross-linking moiety in the cross-linked poly- 
mer still further promotes the physical enlmpment of the 
antibacterial agent to or by the cross-linked AIL4 polymer. 

Preferably, the AEA is an anionic poIymer comprising a 
chain or backbone containing repeatig units each prefer- 
ably containing at least one carbon atom and preferably at 
least one directly or indirectly pendant, monovalent 
dellvcry-enhancing group and at least one directly or indi- 
rectly pendant monovalent retention-enhancing soup 
geminally, vicinally or less preferably okrwise bonded to 
atoms, preferably carbon, in the chain. Less preferably, the 
polymer may contain delivery-enhancing groups and/or 
retention-enhancing groups and/or other divalent atoms or 
groups as liuks in the polymer chain instead of or in addition 
to carbon atoms. or as cross-linking moieties. 

It will be understood that any examples or illustrations of 
AEL4’s disclosed herein which do not contain both delivery- 
enhancing groups and retention enhancing groups may and 
preferably should be chemically modified in known manner 
to obtain the preferred AEL4’s containing both such groups 
and preferably a plurality of each such groups. In the case of 
the preferred polymaic MS, it is desirable. for maximiz- 
ing substantivity and delivery of the antiiacterial agent to 
oral surfaces. that the repeating units in the polymer chain or 
backbone containing the acidic delivery enhancing groups 
constitute at least about lO%, preferably at least about 50%, 
more preferably at least about 80% up to 95% or 100% by 
weight of the polymer. 

According to a preferred embodiment of this invention, 
the ABA comprises a polyma containing repeating units in 
which one or more pbosphonic acid delivery-enhancing 
groups are bonded to one or more carbon atoms in the 
polymer chain. An example of such an AEA is poly (vinyl 
phosphonlc acid) containing units of the formula: 
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-[cl&-CHJ - I 
‘PO3Hl 

which however does not contain a retentioncnhaacing s 
group. A group of the latter type would however be present 
in poly (1-phosphoqxopene) with units of the formuk 

-‘T--J+* 
n 

10 

A I&erred phosphonic add-containing ABA for use herein 
is poly (beta styrene phosphonic acid) containing units of the 
formuhu 

wherein Pb is phenyl, the phosphonic delivery-enhancing 
group and the phenyl retention-enhancing group being 
bonded on vicinal carbon atoms in the chain, or a copolymer 20 
of beta styrene phosphonic acid with vinyl phosphonyl 
chloride havine the units of the faheaoinn formula III 
alternating or inYrandom association wi&uniL of formula I 
above, or poiy (alpha styrene phosphor&r acid) contain@ 
units of the formula: 25 

Iv 

in which the delivery--and retention-enhancing groups are so 
geminaliy bonded to the chain. 

These styrene phosphor& acid polymers and their copoly- 
mers with other in& ethylenically unsaturated monomers 
~enaally have molecular wdxhts in the ranxe of about 
Z&O00 to about 30.000, prefe&ly about Z$iO to about 
10.000, and are, with their methods of preparation disclosed 35 
and claimed in concurrently filed application Ser. No. 398, 
606. which disclosure is incoluora ted here. Such Ynat” 
monomers do not significantly *tiafere with the intended 
function of any copolmycr employed as an APA herein. 

Other phosphor&containing polymers include, for a 
example, phosphonated ethylene having units of the for- 
mula. 

-Kw,J=wu- ” 45 

where II may for example be an integer r~ have a value 
giving the polymer a molecular weight of about 3.000; and 
sodium poly @utene-4,4-diphosphonate) having units of the 
formula: 

50 
-+a--cH-+ VI 

\ 
C&-CH IIPwwmd < 

poly (ally1 bis (phosphormethyl) amine) having units of the 55 
for-mu& 

--fa--CH-+ w 
\ 

C&-N (-C&FCh&)r 
< 60 

Gther phosphonated polymers, for example poly (ally1 
phosphono acetate), phosphonated polymethaaylate., etc. 
and the geminal diphosphonate polymers disclosed in EP 
Publication 0321233 may be anployed herein as AEA’s, 
pmvidcd of course that they contain or are modified to 65 
contain the above-defined organic retention-enhancing 
groups. 

10 
According to another preferred embodiment, the AEA 

comprises a synthetic anionic polymeric polycarboxylate 
which is also an inhibitor of alkaline phosphatase enzyme. 
Synthetic anionic polymeric polycarboxylates and their 
complexes with various cationic germicides, zinc and mag- 
nesium have been previously disclosed as anticalcul~ 
agents per se in, for example U.S. Pat. No. 3429,963 to 
Shedlovsky; U.S. Pat. No. 4,152,42Oto GaBcar; U.S. Pat. No. 
3,956,48OtoDichteretal; IJ.S.Pat.No.4,138,477toGa& 
and U.S. Pat. No. 4,183,914 to Gaffar et al. However, only 
in disclosure essentially ccmsponding to U.S. Pat. No. 
4,627,977 to Gaffar et al is there described use of such 
poly&~~xylates faa inhibiting salivary hydrolysis of pyro- 
phosphate anticalculus agents in combination with a com- 
pound providing a source of fluoride ion. It is to be under- 
stood that the synthetic anionic polymeric polycarboxylates 
so disclosed in these several patents when containing or 
modified to contain the retention-enhancing groups defined 
above are operative as ABA’s in the compositions and 
methods of thls invention and such disclosures are to that 
extent incorporated herein by referencc thereto. 

These synthetic anionic polymeric polycarboxylates are 
often employed in the form of their free acids or preferably 
partially or more preferably fully neutralized water soluble 
or water swellable (hydratable, gel/forming) alkali metal 
(e.g. potassium and preferably sodium) or ammonium salts. 
Preferred are 1:4 to 4:L copolymers of ma&c anhydrlde or 
acid with another polymaixable ethylenically unsaturated 
monomer, preferably methyl vinyl ether/mak.ic anhydride 
having a molecular weight (M.W.) of about 30,000 to about 
l ,OOO,OOO. These copolymks are available for example as 
Gantrez e.g. AN 139 (M.W. 500,000), AN. 119 (M.W. 
250.000); and preferably S-97 Pharmaceutical Grade (M.W. 
70,000), of GAP Corporation. 

Other ABA-operative polymeric polycarboxylates con- 
taining or m&ed to contain retention-enhancing groups 
include those disclosed in U.S. Pat. No. 3956,480 referred 
to above, such as the 1:l copolymers of maleic anhydride 
with ethyl auylate, hydroxyethyl methauylate, N-vinyl-2- 
pyrollidoae, or ethylene, the latter being available for 
examule as Monsanto EMA No. 1103. M.W. 10.000 and 
&Grade 61, and 1:l copolymers of acrylic acid with 
methyl or hydroxyethyl methacrylate, methyl or ethyl 
acrylate, isobutyl vinyl ether or N-vinyl-2-pyrollidonc 

Additional operative polymeric polycarboxylates dis- 
closed in above referred to U.S. Pat. Nos. 4.138,477 and 
4,183,914, containing or modificd to contain retentiou- 
enhancing groups include copolymers of maleic anhydride 
with styrene, isobutylene or ethyl vinyl ether, polyacrylic, 
polyitacouic and polymaleic adds, and sulfoacrylic oligo- 
mers of M.W. as low as 1,000, available as Uniroyal ND-2. 

Suitable generally are polymerixed retention-enhancing 
group-containing 01efinicsIly or ethylenically unsaturated 
carboxylic acids containing an activated carbon-tocarbon 
olefinic double bond and at least one carboxyl group, that is, 
an acid containing an oletlnic double bond which readily 
functions in polymerixatioa tocause of its presence in the 
monomer molecule either in the alpha-beta position with 
respecttoacarboxylgrouporaspaaofaterminalmetb- 
ylene grouping. Illustrative of such acids are acrylic, 
methaayllc, ethauylic, alpha-chloroaaylic. crotonic, beta- 
acryloxy propionlc, sorbic, alpha-chlorosorbic, cinnamic, 
beta-styrylaaylic, muconic, itaeouic, citraconic, mesaconic, 
glutaconic, aconitic, alpha-phenylacrylic, 2-benxyl acrylic, 
2-cyclohexylacrylic, angelic, umbellic, fumaric, maleic 
acids and anbydrides. Other diEerent olefinic monomers 
copolymer&able with such carboxylk monomers include 
vinyketate, vinyl chloride. dimethyl maleate and the like. 
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Copolymers ordinarily contain su&lent catboxylic salt 
grcups for water-solublllty. 

Aiso useful herein are-so-called carboxyvinyl polymers 
dlscJosul as tootfipaste comuot~ents in U.S. Pat. No. 3,980, 
767toChownetai;U.S.Pat~No.3,935,306toRobertsetal; 
U.S. Pat. No. 3,919,409 to Peala et al; U.S. Pat. No. 
3.911.904 to Hatrison. and U.S. Pat No. 3,711,604 to 
Colodney et al. They are cotumerclally available for 
example under the trademarks Carbopl934,940 and 941 of 
B. V. Good&h. these lxoducts consistiag essentially of a 
colloidally water-soluble polymer of polyacrylic acid 
crossJinked with from about 0.75% to about 2.0% of poly- 
ally1 suaose or polyallyl pentauykitol as aoss linking 
agent, the cross-linked structures and linkages providing the 
desired retention enhancement by hydrophobic@ and/or 
physical entrapment of the antibacterial agent or the like 
Polycarbophll is somewhat slmllar, being polyacrylic acid 
cross-linked with less than 0.2% of divinyl glycol, the lower 
pption. molecuhu weight. and/or hydrophoblcity of this 
aoss-Jinklng agent tending to provide decreased, or no, 
retention enhancement. 2,5-dimethyl-1,5- hexadiene exem- 
plitits a more effective retention-enhancing cros&rklng 
agent. 

The synthetic anionic polymeric polycarboxylate compo- 
nent is most often a hydrocarbon with optional halogen and 
0-containing substituents and linkages as present in for 
example ester, ether and OH grcups. and when present is 
generally employed in the instant compositions in approxi- 
mate weight amounts of up to about 4% (generally at least 
about 0.05%). 

The AEA may also comprJse natural anionic polymeric 
polycarboxylates containing retention-enhancing groups. 
Carboxymcthyl cellulose and other binding agents, gums 
and film-formcrs devoid of the above-defined dellvuy- 
enhancing and/or retention-enhancing groups arc ineffective 
as AEA’S. 

As illustrative of AEA’s containing phosphinic acid andf 
or snlfonic acid delivery enhancing groups, there may be 
mentioned polymers and ccpolymcrs containing units or 
moieties derived from the polymerization of vinyl or ally1 
phosphinic and/or sulfonic acids substituted as needed on 
the 1 or 2 (or 3) carbon atom by an organic retention- 
enhancing group. for example having the formula -(X) 
,--R defined above. Mixtures of these monomers may be 
employed, and copolymers thereof with one or more inert 
polymerirable ethylenically unsaturated monomers such as 
those desaibed above with respect to the operative synthetic 
anionic polymeric polycarboxylates. As will be noted, in 
tJxse and other polymeric AEA’s operative herein. usually 
only one acidic delivery-enhancing gtoup is bonded to any 
given carbon or other atom in the polymer backbone or 
branch thereon. Polysiloxanes containing or modified to 
contain pendant dellvay-enhancing groups and retention 
euJmcing groups may also be employed as AEA’s he&n. 
Also effective as APA’s herein are ionomers containing cx 
modified to contain delivery- amd retention-enhancing 
groups. Ionomers are deacriid on pages 546573 of the 
Kitk-Othmer Encyclopedia of Chemical Technology, third 
edition. Supplement Volume, John Wiley * Sons, Inc. copy- 
right 1984. which description is incorporated herein by 
reference. Also dfectivc as A&A’s herein. provided they 
contain are modeled to contain retention-enhancing groups, 
are polyesters, polyurethaues and synthetic and natural 
polyamoides including proteins and proteinaceous mataials 
such as collagen. poly (argenine) and other polymer&d 
amino acids. 

When the oral preparation is made by initially dissolving 
the polyphosphate and the antibacterial agent in hum&ant 
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12 
and surface active agent and adding thereto the AEA, 
especially the polycatboxylate, lnaementalIy, the sohrtlon 
becomes clear and may be characterlxed as a “miamnud- 
sion”. As the amount of the polycarboxylate inaeasea such 
that the complete oral preparation contains at least about 
2.2% by weight thereof, the solution becomes cloudy and 
may be cJwacterJxd as a “‘macroemulslon”. In such “mao 
roemulsion” type compositions, the antlplaque effect of the 
ant&act&al agent appears to be oplimlxed. 

In order to optimize the anticalcuJus effectiveness of the 
oral composition, inhibitors against enxymatlc hydrolysis of 
the polypltosphatc are desirably present. Such agents are an 
amount of a fluoride ion source sufkient to supply 25 ppm 
to 5,000 ppm. of fluoride ions, and up to 3% or more of the 
synthetic anionic polymeric polycarboxylate having a 
molecular weight of about 1,000 to about 1,000,009, pref- 
erably about 30,090 to about 500,000. 

The sources of fluoride ions, or fluorine-providing 
component, as acid phosphatase and pyrophosphatase 
enzyme inhibitor component, are well known in the art as 
anti-caries agents. These compounds may be slightly soluble 
in water or may be fulIy water-soluble. They are character- 
ized by their ability to release fluoride ions in water and by 
freedom from undesired reaction with other compounds of 
the oral preparation. Among thee materials are inorganic 
fluoride salts, such as soluble alkali metal, alkaline earth 
metal salts, for example, sodium fluoride, potassium 
fluoride, anuuonium fluoride, calcium fluoride, a copper 
fluoride such as cuprous fluoride. zinc fluoride, barium 
fluoride such as cuprous fluoride, zinc fluoride. barium 
fluoride. sodium fluorosilicate. ammonium fluorosilicate. 
sodluJn fluorozirconat% ammoniumfluor0zlrconat.e, sodhlm 
monofluorophosphate, aluminum mono- and 
dl-fluorophosphate, and fluorinated sodium calcium pyro- 
phosphate. Alkali metal and tin fluorides, such as sodium 
and stannous fluorides, sodium monofluorophosphate 
(MFP) and mixtures thereof, are preferred. 

The amount of fluorine-providing compound is dependent 
to some extent upon the type of compound, its solubility, and 
the type or oral preparation, but it must be a non-toxic 
amount, generally about 0.005 to about 3.0% in the prepa- 
ration. In a dentlfrlce preparation, e.g. dental gel, toothpaste 
(including cream), toothpowder, or dental tablet, an amount 
of such compound which releases up to about 5.000 ppm of 
F ion by weight of the preparation is considered satisfactory 
Any suitable minimum amount of such compound may be 
used, but it is preferable to employ sufEcient compound to 
release about 300 to 2,000 ppm, more preferably about 800 
to about 1,500 ppm of fluoride ion. 

Typically, iu the cases of alkali metal fluorides, this 
component is present in an amount up to about 2% by 
weighf based on the weight of the preparation, and prefer- 
ably in the range of about 0.05% to 1%. In the case of 
sodium monofluorophosphate, the compound may be 
present in an amount of about O.l-3%, more typically about 
0.76%. 

In oral preparations such as mouthwashes, lozenges and 
chewing gum. the fluorine-providing compound is typically 
present in an amouut suflicient to release up to about 500 
ppm, preferably about 25 to 300 ppm by weight of fluoride 
ion. Generally about 0.005 to about 1.0 wt. % of such 
compound is present. 

In cutaln highly preferred forms of the invention the oral 
composition may be substantially liquid in character, such as 
a moutiwash or rinse. In such a preparation the vehicle is 
typically a water-alcohol mixture desirably including a 
humectant as described below. Generally, the weight ratio of 
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water to alcohol is in the range of from ahout 1:l to about The polishing mateCal is generally present in the solid or 
2O:l,pcef1zably about3:l to 1O:l andmcsepreferably about pasty compositions iu weight concentrations of about 10% 
4: 1 to ahout 6: 1. The total amount of water-alcohol mixture to about 99%. Preferably, it is present in amamts ranging 
iu this type of preparation is typically in the range of ikom ftom about 10% to ahout 75% in toothpaste, and from about 
about 70 to about 99.9% by weight of the preparation. The s 70% to about 99% in to&powder. In toothpastes, when the 
alcohol is ty@ally ethanol or -01. Ethanol is ~TU polishing material is silicious in nature, it is generally 
fured present in amount of ahout 10-30% hy weight. Other 

The pH of such liquid and other preparations of the polishing matuials are typically present in amount of about 
invention is generally in the range of from about 4.5 to about 30-75% by weight. 
9 and typically from about 5.5 to 8. The pH is preferably in 10 In a toothpaste, the liquid vehicle may comprise water and 
the range of from about 6 to ahout 8.0. It is noteworthy that humectant typically in an amount ranging from about 10% 
the compositions of the invention may he applied orally at to about 80% by weight of the preparation. Glycerine, 
a pII below 5 without substantially decalciiying (x otherwise propylene glycol, sorhitol and polypropylene glycol exem- 
damaghg dental enamel. The pH can he controlled with acid plify suitable humectant&arriers. Also advantageous are 
(e.g. cittic acid or henxoic acid) or base (e.g. sodium 15 liquid mixtures of water, glycerine and sorbitol. In clear gels 
hydroxide) or buffed (as with sodium citrate, benxoate, where the refractive index is an @catant consideration, 
carbonate, a bicarbonate, disodium hydrogen phosphate, ahout 2.5-30 wt. 5% of water, 0 to ahout 70 wt. % of 
sodium dihydrogen phsophate, etc). glycerine and about 20-80 wt. % of sorbitol are preferably 

In catain 0th~ desirable form of this invention, the cral employed. 
composition may be substantially solid or pasty in character. 20 Toothpastes,‘creams and gels typically contain a natural or 
such as toothpowda, a dental tablet or a dentifrlcc that is a synthetic thickener or gelling agent in proportions of about 
toothpaste (dental cream) or gel dent&ice. The vehicle of 0.1 to about 10, preferably ahout 0.5 to about 5 wt. 6. A 
such solid or pasty oral preparations generally contains suitable thickener is synthetic he&site, a synthetic colloidal 
dentally acceptable polishing material. Examples of polish- magnesium alkali metal silicate complex clay available for 
ing materials are water-insoluble sodium metaphosphate, 25 example as Iqonite (e.g. Cp. SP 2002, D) marketed by 
potassium metaphosphate, tricalcium phosphate, dihydrated Laporte Industries Limited. Laponite D analysis shows, 
calciom phosphate, anhydrous dicalchmr phosphate, Cal- approximately by weight 58.00% SiO,,25.40% MgO, 
cium pyrophosphate, magnesium orthophosphatc, trimagno 3.05% N+O, 0.98% $0, and some water and trace metals. 
sium phosphate, calcium carbonate, hydrated alumina, cal- Its true specific gravity is 2.53 and it has an apparent bulk 
cined alumina, aluminum silicate, xirconium silicate, silica XI density Cg./ml. at 8% moisture) of 1.0. 
bentonite, and mixtures thereof. G&r suitable polishing Other suitable thickeners include Irish moss, iota 
material include the particulate thermosetting resins 

b 

carrageenan. gum tragacanth, starch, polyvinylpyrrolidone, 
described in U.S. Pat. No. 3,070.510, issued Dec. 15,1%2, hydroxyethylpropylcellulose, hydroxybutyl methyl 
such as melamine-, phenolic, and urea-formaldehydes, and cellulose, hydroxypropyl methyl cellulose, hydroxyethyl 
cross-linked polyepoxides and polyesters. Preferred polish- 35 cellulose (e.g. available as Natrosol), sodium carboxymcthyl 
ing mataials include crystalline silica having particle sired cellulose, and colloidal silica such as finely ground Syloid 
of up to about 5 microns, a mean particle size of up to about (e.t3,244). 
1.1 microns, and a surface atea of up to about 50,009 Iu some dentitklccs prepared In accordance with the 
cm.a/gm., silica gel or colloidal silica, and complex amor- present invention particularly when more than about 0.35% 
phous alkali metal aluminosilicate. 40 by weight of the water insoluble antibacterial agent is 

When visually clear gels are employed, a polishing agent employed and a siliceous polishing agent is present in 
of colloidal silica, such as those sold under the trademark amount of less than about 30% by weight, it may he 
SYLOID as Syloid 72 and Syloid 74 or under the trademsrk desirable to include an agent which dissolves the antibac- 
SANTOGHL as Santocel 100, alkali metal aluminlcrsilicate terial agent. Such solubllizing agents include humectant 
complexes are Particularly useful, since they have reii-active 45 polyols such Propylene glycol. diprcpylene glycol and hexy- 
indices close to the refractive indices of gelling agent-liquid lene glycol, cellosolves such as methyl cellosolve and ethyl 
(including water andccr humectant) systems commonly used cellosolve, vegetable oils and waxes containing at least 
in dentifrices. about 12 carbons in a straight chain such as olive oil, castc~ 

Many of the so-called “water-insoluble” polishing mate- oil and petrolatum and esters such as amyl acetate, ethyl 
rials are anionic in character and also include small amounts SO acetate and benxyl henxoate. 
of soluble mat&al. Thus, insoluble sodium metaphosphate It will be understood that, as is conventional, the aal 
may be formed in any suitable manner as illustrated by preparations are to be sold or otherwise distributed in 
Thorpe’s Dictionary of Applied Chemistry, Volume 9,4th suitable labelled packages. Thus, a jar of mouthrinse will 
Edition, pp. 5 10-5 11. The forms of insoluble sodium meta- have a label describing it, in substance, as a mouthrinse or 
phosphate known as Madrell’s salt and Kurrol’s salt are 55 mouthwash and having directions for its use; and a 
further examples of suitable materials. These metaphosphate toothpaste, cream CC gel will usually be ia a collapsible t&e, 
salts exhibit only a minute solubility in water, and therefore typically aluminum, lined lead or plastic, or other squeeze, 
are commonly refared to as insoluble metaphosphates 
(IMP). ‘lkxe is Present therein a minor amount of soluble 

pump orpressurixed dispenser for metering out the contents, 
having a label desaiig it, in substance, as a toothpaste, gel 

phosphate mat&al as hpurlties, usually a few pacent such 60 or dental cream. 
as up to 4% by weight The amount of soluble phosphate Organic surface-active agents are used in the composi- 
mater%, which is believed to include a soluble sodium tions of the present invention to achieve increased prophy- 
trimetaphosphate in the case of insoluble metaphosphate, lactic action, assist in addeving thorough and complete 
may be reduced or eliminated by washing with water if dispersion of the anticalculus agent and antiplaque agent 
desired. The insoluble alkali metal metaphosphate is typi- 6s throughout the aal cavity, and render the instant composi- 
tally employed in powder form of a particle size such that tions more cosmctidy acceptable. The organic surface- 
no mae than 1% of the material is larger than 37 microns. active material is preferably anionic, nonionic or ampholytic 
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in nature. and it is preferred to employ as the surface-active 
agent a deter&e material which imparts to the composition 
detersive and foaming properties. Suitable examples of 
anionic surfactants are water-soluble salts of hlgher fatty 
acid monoglyceride monosulfates, such as the sodium salt of 
the monosulfatcd monoglycwide of hydrogenated coconut 
oil fatty acids, higher alkyl sulfates such as sodium lauryl 
sulfate. alkyl aryl sulfonates such as sodium dodecyl ben- 
zene sulfonate, higher a&$sulfo-acetates, highcr fatty acid 
esters of 1,2-dihydroxy propane sulfonatc, and the substan- 
tially saturated higher aliphatic acyl amides of lower ali- 
phatic amino carboxylic acid compounds, such as those 
having 12 to 16 carbons in the fatty acid, alkyl or acyl 
radicals, and the like. Examples of the last mentioned 
amides we N-lauroyl sarcosine, and the sodium, potassium, 
and ethanolamine salts of N-lanroyl, N-myrlstoyl. or 
N-palmitoyl sarcosine which should be substantially bee 
bom soap or similar higher fatty acid material The use of 
these sarcosinate compounds in the cral compositions of the 
present invention is particularly advantageous since these 
mataials exhibit a prolonged a marked effect in the inhibi- 
tion of acid formation in the oral cavity due to carbohydrates 
tswkdown in addition to exerting some reduction in the 
solubllity of tooth enamel in add solutions. Examples of 
water-soluble nonionic surfactants are condensation prod- 
ucts of ethylene oxide with various reactive hydrogen- 
containing compounds reactive therewith having long 
hydrophobic chains (e.g. aliphatic chains of about 12 to 20 
carbon atoms), which condensation products 
(“ethoxamcrs”) contain hydrophilic polyoxyethylene 
moleties. such as condensation products of poly(ethylene 
oxide) with fatty acids, fatty alcohols, fatty amides. poly- 
hydric alcohols (e.g. sorbitan monostearate) and polypropy- 
leneoxide (e.g. Plllronic materials). 

Surface active agent is typically present in amount of 
about O.l-5% by weighf preferably about l-2.5%. It is 
noteworthy, that surface active agent may assist in the 
dissolving of the non&ionic antibacterial agent and thereby 
diminish the amount of solubilixing humectant needed. 

Various other materials may be incorporated in the aral 
preparations of this invention such as whitening agents, 
preservatives. silicones, chlorophyll compounds and/or 
ammoniated material such as urea, diammonium phosphate, 
and mixtures thereof. These adjuvants, where present, are 
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incorporated in the preparations in amounts which do not 4s 
substantially adversely affect the prmes and character- 
istics desired. Signiiicaut amounts of zinc. magnesium and 
other metal salts and materials. generaLly soluble. which 
would complex with active components of the instant inven- 
tion are to be avoided. 50 

Any suitable flavccing or sweetening mataial may also be 

~lyccrioc 
Iota-cppPgeetlan 
sorbiml(7o%shtiiw) 
propyhw Gleol 
Galmez (13.02% soltin) 
Titnnivmdioxidc 
warn (deionizrd) 
NPP 
sodiums- 

sodium hydmide (50%) 
siia polishing agent 
(-2cdeat 113) 
silica ‘Ihietsa (sylo&nt 1.5) 
Flsmroil 
Tcm 
SLS 

A B 
10.00 10xX) 
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0.320 05W 
lQ.COO 15Lm 

0.500 0500 
9957 13.457 
0.243 0.243 
0303 0.30 
2.coo 2.oal 
1m l.om 

2o.axl WJXIJ 

2.xX) 2.503 
0.950 OSM 
0300 0303 
2.m 2.ccu 

employed. Examples of suitable flavoring constituents are 

Gantrcz is present as AL in amount of 2.5 parts in 
toothpaste A and 2.0 parts in toothpaste B. 

For the test of delivery of antibacterial agent to a saliva 
flavoring oils, e.g. oil of spearmint, peppermint, coated hydroxyapatite disk hydroxtapatite (HA) obtained 
wintergreen, sassafras, clove, sage. eucalyptus, marjoram. from the Monsanto Co. is washed extensively with distilled 
ciuuamon. lemon. and arange, and methyl salicylate. Suit- s5 water, collected by vacuum gltration, and permitted to dry 
able sweetening agents include sucrose, lactose, maltose, ovanlght at 37” C. The dried HA is ground into a powder 
sorbitol xylitol. sodium cyclamate, mine, AMP with a mortar and pestle. 150.00 mgs of HA are placed into 
(aspartyl phenyl alanine, methyl ester). saccharine and the the chsmbw of a KBr pellete die @arnes Analytic& 
like. Suitably. flavor and sweetening agents may each or Stanford, Corm.) and compressed for 6 minutes at 10.000 
together comprise fkom about 0.1% to 5% more of the 60 pounds in a Carver Laboramq press. The resulting I3 mm 
preparation. Moreover, flavor oil appears to aid the dissolv- disks are sintaed for 4 hours at 800° C. in a Thesmolyne 
ing of the antibacterial agent. furnace. Paralilm stimt&ed whole saliva is ccl&ted into a 

In the preferred practice of this invention an oral corqo ice-chilled glass beaker. The saliva is clarified by centrifu- 
sition according to this invention such as a mouthwash or gation at 15,ooO Xg (times gravity) for 15 minutes at 4O C. 
dentifrice containing the composition of the present inven- 65 Sterilization of the darhied-sahva is done at 4O C. with 
tion is preferably applied regularly to dental enamel, such as stirring by irradiation of the sample with UV light for 1.0 
every day or every second or third day or preferably from 1 hour. 
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to 3 times daily, at a pH of about 4.5 to about 9, generally 
about 5-5 to about 8, preferably about 6 to 8, for at least 2 
weeksupto8weeksormoreuptolifetime. 

The compositions of this invention can be hxnporated in 
lozenges, or in chewing gum or other prcducta, e.g. by 
stirring into a warm gum base or coating the outer surface of 
a gum base, illustrative of which may be mentioned 
jelutong, rubber latex, vinyl& resins, etc., desirably with 
conventional plasticizers or softeners. sugar cr other sweet- 
eners or such as ghxose, sorbitol and the like. 

The following examples are further illustrative of the 
nature of the present inventiw, but it is undmstood that the 
invention is not limitedthereto. All amounts and proportions 
referxed to herein and in the appended claims are by weight 
unless otherwise indicated. 

The following Examples, the agent Triclosan, 2,4,4’- 
trichlor&2’-hydroxydiphenyl ether is indicated as ‘TCHB”; 
sodium lauryl sulfate is lruhcated as ‘SLS”; the copolymer 
of maleic anhydride and methyl vinyl ether available from 
GAF Carporation as Wantrex S-97” is identified as “Gan- 
trez”; tetrasodium pyrophosphate is identifled as “pyrophos- 
phate”; and sodium flutide is identified as “‘NaF’. 

EXAMPLE 1 
The adsorption to and release from tooth minerala for 

antiplaquJantitartar efficacy of agents is assessed by adsorp 
tion of antibacterial agent to saliva coated tooth mineral 
hydroxyapatlte disk in the presence of pyrophosphate and 
di&ring amounts of polycarboxylate. 

The formulations of the toothpastes evaluated are: 

Fktsbvweidtt 
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Elach sintmd disk is hydrated with sterile water in a 

polyethyleue test tube. The water is then removed and 
replaced with 2.00 ml of saliva. A salivary pelhde is formed 
by incubating the disk overnight at 37’ C. with continuous 
shakinginawatabatb.Afterthis tmtment, the saliva is 
removed and the disks are treated with 1.00 ml of a solution 
containing antfbacuxial agent (triclosau) in a dentifrice 
liquid phase solution and incubated at 37’ C. with coutinu- 
ous shaking in the water bath. After 30 minutes, the disk is 
transferred into a new tube and 5.00 ml of water are added 
followed by shaking the disk gently with a Vcstex. The disk 
is then transferred into a new tube and the washing proce 
dure repeated twice Finally, the diskis transferred carefully 
into a IKW tube to avoid co-transfer of any liquid along with 
the disk. Then 1 .CO ml of methanol is added to the disk and 
shaken vigorously with a Vortex. The sample is left at room 
tempuature fa 30 minutes to extract adsorbed triclosan in 
the methanol. The methanol is then aspirated and clarified by 
centrifugation in a Beckman Muofuge 11 at 10,000 rpm fcr 
5minutes.Aftmthis -4 the methanol is transferred 
into HFw(hlgh performance liquid chromatography) vials 
for determination of antibacterial agent concentration. Trip 
licatc samples are used in all cxpe&tents. 

The Table below summarizes the data: 
25 

TABLE 

Delivery of mxl3 to 
saliva cmted Hydfoxyapatb 

=ti- DiiinFdiaoglnma 30 

A 130 
B 30 

5,686,064 
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-continued 

Parts 

5 
Plsvwoil 0.40 
Watm Q.S. b lW.al 

-4 

10 

75-804x, sugar 
l-20% corn syrup 
0.1-1.0 Flavar oil 

Lozenge 

15 2% Tetrasodium Pyrophosphate 
2.50% Gantrez S-97 
0.01 to 0.05% NaF 
0.01 to 0.1% TCHE 

20 

1 to 5% Magnesium Stearate Lubricant 
0.01 to 0.2% water 

ExAMPIJ35 

ck* mm Park? 
GUOBPX 25.03 
Smbitol(709b) 17.00 
THE 0.50 to 0.10 
Q-w 2.ca 
Gaohz s.97 250 

The data iudicates that with the inmasiug amount of 
Gantrez (lboth~ste A) there is a very great increase in 
delivery of TCHE to saliva coated tooth minerals. 
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EXAMPLE2 
40 The following toothpaste is effective as an antiplaque and 

anticalculus composition: 

In the foregoing Examples improved results are also 
achievable when TCHE is replaced with each of phenol, 
2,2-methylene bis(4-chloro&Bromopbenol), eugenol and 
tbymol, and/or when Gantrez is replaced by other AEA’s 
such as Carbopols (e.g. 934), or styrene phosphor& acid 
polymen having moleculsr weights within the range of 
about 3,000 to 10,000 such as poly (beta-styrenephospbonic 
acid), copolymers of vinyl phosphonic acid with beta- 
styrenephosphonic acid, and poly (alpha-styrenephosphonic 
acid), (r sulfoacrylic oligomers, or a 1:l copolymer of 
maleic auhydride with ethyl aaylate. 

22.00 
45 

1.00 
1.00 19.00 2.69 
0.76 
0.30 xl 

2.00 
48.00 

095 
0.30 
2.00 
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This invention has been dwcrii with respect to certain 
preferred embodiments and it will be understood that modi- 
fications and variations thereof obvious to those skilled iu 
the art are to be included within the purview of this apph- 
cation and the scope of the appended claims. 

We claim: 
1. An oral composition com@ing an arally acceptable 

aqueous humectant dentifrice or toothpaste vehicle, a den- 
tally acceptable polishing agent, an effective antiplaque 
mount to retard the oral growth of plaque of a substautially 
water insoluble non-cationic antibac@ial agent iu the range 
of about 0.001-51 by weight, about 0.05-4% by weight of 
an antibacterial-enhancing agent which contains at least one 
delivery-enhaucing functional group and at least one 

EXAMPLE3 
retention-enhancing group, wherein said delivery-enhancing 
group is present to enhance delivery of a substantially wata 
insoluble non-cationic antibactaial agent to oral tooth and 

60 gum surfaces and said retention-cuhancing group is Lxesent 
to enhance attachment, adherence or bonding of the anti- 

200 
2.50 

IO.03 
0.05 
0.20 
0.05 

bacterial agent on oral tooth aad gum surfaces, the anti- 
bacteri&enhanciug agent being free from oc substantially 
free rkom watcz soluble alkali metal cc ammonium synthetic 

65 anionic linear polymer polycarboxylate salt having a 
molecular weight of 1,000 to 1.000,000 and an effective 
anticalculus amount of linear molecularly dehydrated poly- 



$686,064 
19 

phosphate said dentitiice or toothpaste having an c@mixed 
auti~aquc cffediveness by presentation of said non-cationic 
antbacterial agent in a ~~crounulsion formed by adding 
said “MA”, M antibacterial-enhancing agent incrementally, 
to a clear solution microemulsion of said antibacterial agent 
typically dissolved in admixtures of humectant and surface 
active agent, until the solution becomes cloudy, and may be 
charadticd as a mauoanulsion. 

2. An aal composition conqnising an orally acceptable 
aqueous humectan t dentiiiice or toothpaste vehicle, a den- 
tally acceptable water-insoluble polishing agent, an &ective 
amount of a linear, molecularly dehydrated polypbosphatc, 
an dFu#ive amount to retard the growth of plaque in the 
rauge of about 0.01-S% by weight of a substantially water 
insoluble non-cationic antibacterial agent and about 
0.05-4% by weight of water-soluble or swellable 
antibacterial-enhancing agent having an average molecular 
wei@ of about 100 to about l,OOO,OOO, which contains at 
least one delivery-enhancing phosphonic group and at least 
one organic retention-enhancing group, wherein said 
delivery-enhancing group enhances delivuy of said antibac- 
terial agent to oral tooth and gum sutfaces and said 
retention-enhancing group enhances attachment, adherence 
os bonding of said antibacterial agent on oral tooth and gum 
surfaces, wherein said polyphosphate is present in an 
amount wherein the weight ratio of said antibacterial- 
enhancing agent to said polyphospbate ion ranges &om 
about 1:6 to about 2.7:1, said dentifrice or toothpaste having 
aa optimixed antiplaque effectiveness by presentation of said 
non-cationic antibacterial agent in a macroemulsion formed 
by adding said ‘ABA”. 02 antibactaial-enhancing agent 
incrementally, to a clear solution micro-emulsion of said 
antibacterial agent typically dissolved in admixtures of 
hum&ant and surface active agent, until the solution 
becomes cloudy, and may be characterized as a macroemul- 
sion. 

3. The aal composition claimed in claim 2 wherein said 
antibackdal agent is seleckd from the group consisting of 
halogenated diphenyl ethers, halogenated salicylanilides, 
benzoic esters. halogen&d carbanilides and phenolic com- 
pounds. 

4. The aal composition claimed in claim 2 wherein said 
antibacterial agent is a halogenated diphenyl ether. 

5. The oral composition claimed in claim 4 wherein said 
halogenated diphcnyl ether is 2,4,4’-trichloro-2’- 
hydroxyphenyl ether. 

6. The oral composition claimed in claim 2 wherein said 
antibacterial agent is a pheoolic compound 

7. The aal composition claimed in claim 6 wherein said 
antibactuial agent is a phenolic compound selected from the 
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group consisting of phenol, thymol, eugenol and 2,2’- 
methylene bis @-chloro-Mromophenol). 

8. Tlte oral wmposition claimed in claim 5 wherein said 
amount of antibacterial agent is about 0.25-M%. 

9. Tht oral composition daimed in claim 5 wherein said 
linear molecularly dehydrated polyphosphate salt is an alkali 
metal pyrophosphate. 

19. The oral composition claimed in claim 9 wherein said 
alkali metal pyrophosphate is tetrasodium pyrophosphate. 

11. The oral composition claimed in claim 5 wherein said 
polyphosphate is present in mount of about l-2.556 by 
Weight 

12. The oral composition claimed iu daim 5 wherein the 
weight ratio of antibacterial enhancing agent to polyphos- 
phate ion is about 1.7:1 to about 2.3:1. 

13. ‘l%e oral composition claimed in claim 12 wherein 
said weight ratio is about 1:9 to about 2:l. 

14. The aal composition claimed io claim 5 wherein said 
vehicle comprises water, humcctant and a gelling agent, said 
oral composition contains a dentally acceptable water- 
insoluble polishing agent and is a dentifrice. 

15. The oral composition claimed in claim 5 wherein said 
vehicle comprises water and a non-toxic alcohol and said 
aal composition is a mouthwash. 

16. The aal composition claimed in claim 5 wherein said 
organic retention-enhandng group comprises a formula 
--(x),--R wherein X is 0, N, S, SO, S02, P, PO a Si R 
is hydrophobic all@, aryl, alkaryl, alkenyl. acyl. aralkyl. 
heterocyclic, or inert-substituted derivatives thereof, and n is 
zero a 1 or more and wherein said antibacterial-enhancing 
agent is a natural or synthetic phosphonic monomer or 
phosphonic polymer selected from the group consisting of 
oligomas. homopolymers. copolymers of two or more 
monomers, ionomers. block copolymers. graft copolymers 
and cross-linkd polymers and monomers. 

17. The oral composition claimed in cl&n 16 whcrdn 
said antibacterial-enhancing agent is poly (beta- 
styrenephosphonic acid), poly (alpha-strenephosphonic 
add) polymer, or copolymer of either styrenephosphonic 
acid with the other or with another ethylenically unsaturated 
polymuizable monomer. 

18. The oral composition claimed in claim 16 wherein 
said antibactaial enhancing agent has a molecular weight of 
about 1,000 to about 30,000. 

19. The aal composition claimed in any of claims 2,4,5 
and 8 to 18 containing a fluoride-providing source. 

* * * * * 


